Introduction {#section1-2151459318820222}
============

Bisphosphonate use for the prevention of fragility fractures has increased significantly over the past 2 decades, such that they are now the most commonly used drug worldwide in managing osteoporosis.^[@bibr1-2151459318820222]^ There is however, a growing evidence base in the literature suggestive of an association between long-term bisphosphonate use and "atypical" femoral fractures (AFFs).

Bisphosphonates reduce fracture risk through the inhibition of osteoclasts, preventing excessive thinning of trabeculae and the formation of perforations, which contribute to bone fragility. They can however, cause oversuppression of bone remodeling, resulting in the accumulation of microcracks and compromising the mechanical properties of bone.^[@bibr2-2151459318820222],[@bibr3-2151459318820222]^ This may explain the association with AFFs in this cohort.^[@bibr4-2151459318820222],[@bibr5-2151459318820222]^ There is further evidence to suggest that patients sustaining these types of fracture have poorer clinical outcomes when compared to typical femoral fractures (TFFs).^[@bibr6-2151459318820222]^ We recognize the importance of establishing differences in outcomes for day-to-day clinical practice.

Atypical femoral fractures are usually atraumatic or occur following low-energy trauma, with the fracture most frequently occurring in the subtrochanteric region.^[@bibr7-2151459318820222]^ Radiologically, fractures are typically noncomminuted transverse or short oblique fractures that may be associated with a medial spike in complete fractures and have features of localized periosteal reaction and cortical thickening.^[@bibr8-2151459318820222]^ They may be associated with prodromal symptoms, such as dull ache or pain in the groin or thigh and can be bilateral. The American Society for Bone and Mineral Research (ASBMR) has proposed major and minor criteria to define AFFs ([Table 1](#table1-2151459318820222){ref-type="table"}).^[@bibr8-2151459318820222]^

###### 

The 2010 American Society for Bone and Mineral Research Case Definition of AFFs.^[@bibr8-2151459318820222]^

![](10.1177_2151459318820222-table1)

  ASBMR Criteria   
  ---------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Major features   Located anywhere along the femur from just distal to the lesser trochanter to just proximal to the supracondylar flareAssociated with no trauma or minimal trauma, as in a fall from standing height or lessTransverse or short oblique configurationNoncomminutedComplete fractures extend through both cortices and may be associated with a medial spike; incomplete fractures involve only the lateral cortex
  Minor features   Localized periosteal reaction of the lateral cortexGeneralized increase in cortical thickness of the diaphysisProdromal symptoms, such as dull ache or aching pain in the groin or thighBilateral fractures and symptomsDelayed healingComorbid conditions (eg, vitamin-D deficiency, rheumatoid arthritis, hypophosphatasia)Use of pharmaceutical agents (eg, bisphosphonates, glucocorticoids, proton pump inhibitors)

Abbreviations: AFF, atypical femoral fracture; ASBMR, American Society for Bone and Mineral Research.

According to the ASBMR definitions, AFFs require all 5 major criteria to be present while minor criteria are not necessary for diagnosis but are sometimes associated with these fractures. In particular, a well-recognized appearance on plain radiograph is the periosteal thickening often referred to in the literature as "beaking" or "flaring." Fractures of femoral neck, intertrochanteric fractures with spiral subtrochanteric extension, pathological fractures associated with primary or metastatic bone tumors, and periprosthetic fractures are specifically excluded from this definition.

Treatment of atypical fractures is usually by surgical intervention in the form of either intramedullary nailing or dynamic hip screw fixation, with intramedullary nailing being the first-line option.

The outcomes of patients sustaining these AFFs have not been thoroughly investigated, with most current studies concentrating on surgical intra and postoperative complications rather than assessing mortality and social outcomes. The results of these studies have shown conflicting results, with some reporting increased intraoperative fracture rates, longer time to union and poorer outcomes, whereas others have illustrated generally favorable results.^[@bibr9-2151459318820222][@bibr10-2151459318820222][@bibr11-2151459318820222][@bibr12-2151459318820222]-[@bibr13-2151459318820222]^

This study aims to compare whether patients presenting with AFFs to our trauma unit have significantly different short-term outcomes to patients with TFFs, with a focus on social outcomes including length of stay and discharge destination, as well as assessing inpatient and 30-day mortality.

Methods {#section2-2151459318820222}
=======

We performed a retrospective observational cohort study for patients with AFFs versus TFFs presenting to our trauma unit over a 9-month period from November 2015 to July 2016. Patient data were collected from the National Hip Fracture Database and local electronic and paper records. All patients with proximal femoral fractures including fractured neck of femur were identified.

Radiographs were assessed independently by 3 observers and atypical proximal femoral fractures identified using the radiographic parameters described by the ASBMR ([Table 1](#table1-2151459318820222){ref-type="table"}). Typical femoral fractures included all other fractures involving the proximal femur including extracapsular neck of femur fractures. Exclusion criteria were intracapsular fracture neck of femur, periprosthetic fractures, associated malignancy, or pathological fracture.

Records were analyzed to include patient age, sex, American Society of Anaesthesiology (ASA) grade, cognitive score using the abbreviated mental test score (AMTS), bisphosphonate use, preinjury residence, operation performed, length of stay, discharge destination, and mortality.

Our primary outcome measures included length of stay, discharge destination (own home or health-care institution), and 30-day mortality. Categorical data were analyzed using χ^2^ test and Fisher exact test and continuous nonparametric data using the Mann-Whitney *U* test. Data were collated on Microsoft Excel version 2016.

Results {#section3-2151459318820222}
=======

Two hundred thirty-nine patients presented to our trauma unit during the 9-month assessment period with either a fractured neck of femur or proximal femoral fracture. A total of 25 (10.5%) patients displayed atypical radiographic features consistent with AFF. One hundred twenty-two patients were identified as having pertrochanteric, subtrochanteric, or proximal femoral shaft fractures, of which AFF accounted for 20.5%. All injuries were unilateral; however, in 1 patient we noted contralateral AFF previously fixed via intramedullary nailing prior to our study time frame. The right leg was injured in 50% of TFF cases compared to 56% of AFF cases.

[Table 2](#table2-2151459318820222){ref-type="table"} shows the baseline characteristics of both groups. The 2 groups were similar in demographics, ASA grade, and function. Patient average age (TFF 86.6 years vs AFF 86.2 years), gender (25% vs 16% male), median ASA grade (3.0 vs 3.0), cognitive score (AMTS score 7.03 vs 7.08), and preinjury residence (88.7% vs 92.0% own home) were similar with no statistically significant difference (*P* values \> .05). Typical femoral fractures were fixed with either dynamic hip screw (75.3%) or intramedullary nailing (24.7%), whereas all AFFs were fixed with intramedullary nailing. No immediate intraoperative complications were identified. Preinjury bisphosphonate use was higher in the AFF group compared to the TFF group (24% vs 10%).

###### 

Baseline Characteristics of Patients With Atypical and Typical Femoral Fractures.

![](10.1177_2151459318820222-table2)

                                  AFF (n = 25)     TFF (n = 97)
  ------------------------------- ---------------- ----------------
  Mean age (years)                86.2             86.6
  Female, n (%)                   21 (84%)         75 (75%)
  Side of injury, n (%)           14 (56%) right   49 (50%) right
  ASA grade (median)              3                3
  Admitted from own home, n (%)   23 (92%)         86 (89%)
  AMTS score on admission         7.08             7.03

Abbreviations: AFF, atypical femoral fracture; AMTS, abbreviated mental test score; ASA, American Society of Anaesthesiology; TFF, typical femoral fracture.

[Table 3](#table3-2151459318820222){ref-type="table"} shows the short-term postoperative outcomes of both groups. Mean length of stay in the TFF group was 12.5 days compared to 14.3 days in the AFF group ([Figure 1](#fig1-2151459318820222){ref-type="fig"}). In the TFF group, 45% of patients returned directly to their own home on discharge compared to 36% in the AFF group ([Figure 2](#fig2-2151459318820222){ref-type="fig"}). A 30-day mortality rate for TFF and AFF groups, respectively, was 8.2% versus 12.0% ([Figure 3](#fig3-2151459318820222){ref-type="fig"}). For all primary outcome measures, there was no statistically significant difference (*P* values \> .05).

###### 

Short-Term Outcomes of Patients With Atypical and Typical Femoral Fractures.

![](10.1177_2151459318820222-table3)

                                                AFF (n = 25)   TFF (n = 97)
  --------------------------------------------- -------------- --------------
  Mean length of stay (days)                    14.3           12.5
  Return directly to home on discharge, n (%)   9 (36.0%)      44 (45.5%)
  30-day mortality, n (%)                       3 (12.0%)      8 (8.2%)

Abbreviations: AFF, atypical femoral fracture; TFF, typical femoral fracture.

![There was no significant difference between the average length of stay of the 2 groups (AFF 14.3% vs TFF 12.5%). AFF indicates atypical femoral fracture; TFF, typical femoral fracture.](10.1177_2151459318820222-fig1){#fig1-2151459318820222}

![There was no significant difference between the proportion of the 2 groups discharged to their own home (AFF 36.0% vs TFF 45.5%). AFF indicates atypical femoral fracture; TFF, typical femoral fracture.](10.1177_2151459318820222-fig2){#fig2-2151459318820222}

![There was no significant difference between the 2 groups for 30-day mortality rate (AFF 12.0% vs TFF 8.2%). AFF indicates atypical femoral fracture; TFF, typical femoral fracture.](10.1177_2151459318820222-fig3){#fig3-2151459318820222}

Discussion {#section4-2151459318820222}
==========

A 10% incidence of AFFs was identified in fractures of the proximal femur and femoral shaft in this patient cohort. This is comparable to the 7% incidence reported by Thompson et al in their retrospective analysis of 3515 patients. However, there is significant variability with others reporting much lower rates of 0.4% to 1.43%.^[@bibr9-2151459318820222],[@bibr14-2151459318820222],[@bibr15-2151459318820222]^ The reason for this inconsistency in incidence is unclear but may relate to local variation in bisphosphonate usage or utilization of alternative diagnostic criteria.

Patient demographics were similar in the AFF and TFF groups in all criteria examined. This is in contradiction to previous studies, which have shown AFFs occurring more frequently in women.^[@bibr13-2151459318820222],[@bibr14-2151459318820222]^ This is thought to occur as a result of the increased biomechanical stress placed on the lateral femoral cortex in women compared to men because of a broader pelvis and relatively narrower bone.^[@bibr13-2151459318820222]^

All AFFs were managed with intramedullary nailing, which is in line with National Institute for Health and Care Excellence guidance on the management of subtrochanteric proximal femoral fractures.^[@bibr16-2151459318820222]^ No intraoperative complications were identified which is in contrast to the 29.4% rate of iatrogenic fracture during intramedullary nail insertion reported by Prasarn et al in their assessment of 43 AFFs.^[@bibr10-2151459318820222]^

No significant difference in terms of length of stay, discharge destination, and 30-day mortality was identified between the AFF and TFF groups. This contradicts many previous studies which have indicated generally poorer outcomes with AFFs but does concur with a recent study performed by Khow et al who retrospectively analyzed 710 hip fracture patients presenting to their unit and found that AFFs had comparable outcomes in terms of mobility, complications, length of stay, mortality, and discharge destination when compared to TFFs.^[@bibr9-2151459318820222],[@bibr10-2151459318820222],[@bibr11-2151459318820222],[@bibr12-2151459318820222]^

This study has shown interesting results but does have several limitations. Firstly, small patient numbers resulting from the relative rarity of AFFs makes it difficult to draw firm accurate conclusions from the results. This is further compounded by a single-center data collection model, as data become limited to certain demographics and an element of selection bias is introduced. Finally, the decision to perform a retrospective analysis means data could be prone to observer bias and missing data. Overall, however, we believe our data, which concur with the reports from Khow et al,^[@bibr9-2151459318820222]^ suggest that with modern principles of trauma care outcomes achieved following AFFs may be equivalent to typical femoral fractures in the geriatric population.

Conclusion {#section5-2151459318820222}
==========

In our predominantly geriatric population, comparable short-term social outcomes and mortality rates were observed in patients sustaining AFFs compared to those with TFFs. Larger patient numbers are required to confirm these findings and could perhaps be achieved through analysis of National Hip Fracture Database data after isolating AFFs.
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